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Abstract
Background: Broiler meat is an essential source of food due to its favourable effects on human health derived
from its protein, fats, minerals, vitamins and its bioactive components.
Methods: A total of 90 carcasses were collected from the retail market in Jeddah city, Saudi Arabia during April,
May and June 2014 to determine the effects of meat type (frozen vs. fresh) and sources within fresh types (A, B, C)
vs. frozen types (D, E and F) on their fatty acid profiles, cholesterol, their hypocholesterolemic, atherogenic and
thrombogenic indices, and on their antioxidants’ status.
Results: The sources of meat had a significant effect on the hypocholesterolemic and atherogenic indices, with the
D source of fresh meat having the best indices. Total saturated fatty acids (SFA), unsaturated fatty acids (UFA), the
UFA/SAF ratio, and the monounsaturated (MUFA), Omega-6 and Omega-7 fatty acids were significantly affected by
the source of meat. The results revealed that the D source of fresh meat showed favourable fatty acid profiles with
significant health benefits for human. Correlation analyses showed a significant negative relationship between the SFA
and hypocholesterolemic indices, and significant positive relationships with the atherogenic index, the thrombotgenic
index and the total antioxidant capacity. In addition, the relationship between UFA and the hypocholesterolemic index
was strongly significantly positive, but was highly negative between the atherogenic and thrombotic indices. The
correlations between omega-6 and total cholesterol and the atherogenic index was moderately negative, but was
moderately positive with the hypocholesterolemic index.
Conclusion: Fatty acids profiles and the hypocholesterolemic and atherogenic indices of broiler meat in the retail
market in Jeddah city, Saudi Arabia during April-May-June showed significant differences, with the potential for favourable
fatty acids to be boosted. Such variability indicates the needs for a feeding strategy to enhance the favourable fatty acids
that may positively impact the health of the consumer, lowering the risk of hypercholesterolemia, atherosclerosis, and
thrombogenesis although further studies are needed.
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Background
Chicken meat is one of the major animal protein supplies.
It contains all the nutrients that can meet the recom-
mended daily allowances for humans [1]. Poultry meat is
an extremely complex item can be assessed from the
standpoint of consumer interests and from that of the
slaughter industry [2]. Chicken meat has a relatively low
fat content and is a respected source of proteins, vitamins
and mineral sources [3].
Consumption of foods that rich of saturated fat and
cholesterol, especially from animal sources were found
to be responsible for the development of coronary heart
diseases [4]. Ecological studies across 16 defined popula-
tions in seven countries revealed that intake of saturated
fat as a percentage of calories had strong correlation
with coronary death rates [5], where each 5% increase of
energy from saturated fat was associated with 17%
increase in coronary heart diseases [6]. Poultry meat
contains a low proportion of fat and cholesterol, where
it contain around 1% fat in the leanest cuts, and 17% in
cooked chicken wings with skin. Poultry fat is favorable:
it includes significant amounts of monounsaturated fatty
acids (only a third of total fat is made up of saturated
fatty acids and, in comparison with red meat, substantial
amounts of polyunsaturated fats, especially the omega-6
or n-6 linoleic acid and arachidonic acid [7]. It may
represent an important source of long-chain omega-3
or n-3 fatty acids [8]. In the California Seventh-day Ad-
ventist study, higher consumption of poultry was not
associated with risk of coronary heart diseases [9]. A
very large observational study carried out in the United
States on a female population reported an inverse rela-
tionship between the intakes of poultry and the risk of
developing coronary artery disease [10].
The chemical composition of muscles is an important
quality measurement of broiler meat [11]. Nutrients pro-
files, such as fat/fatty acids and the hypocholesterolemic,
atherogenic and thrombotic indices of poultry products,
were found to be important concepts in meat consump-
tion [2, 12–15]. Meat quality is a complex concept that
is influenced by the strain of broilers [2, 16, 17] and by
diet composition, feed types and additives [13, 18, 19].
Additional influences are rearing practices, the health of
the chickens, the environmental conditions, slaughter
practices, storage, handling and cooking [20–22] as well
as fresh vs. frozen meat [23, 24].
The lipids and antioxidants of poultry product are es-
sential components from the health and consumption
perspectives for humans. This status has considerable
impact on meat consumption and its health implications
[25–28]. Therefore studying the variability in the profiles
of its fats/fatty acid profiles, cholesterol, its hypocholes-
terolemic, atherogenic and thrombotic indices, and its
antioxidants and in its lipid peroxidation biomarkers,
such as malnodialdehyde (MDA), is essential for devel-
oping quality control and for mentoring the quality of
broiler meat in the retail market and its impact on
human health.
Results
Cholesterol profiles, atherogenic and thrombotic indices,
and antioxidant status
Table 1 shows the effects of different meat types (frozen
vs. fresh) and meat sources (A, B, C, D, E and F) on the
cholesterol profiles, atherogenic and thrombotic indices,
and antioxidant status of meat. Frozen meat had a nu-
merically (P = 0.054) higher hypocholesterolemic index,
but a significantly lower (P = 0.05) thrombotic index
when compared to fresh meat. On the other hand, dif-
ferences in the lipid profiles and antioxidant indices
were not significant between the types and sources of
meat, except for the hypocholesterolemic and athero-
genic indices, which were significantly affected by the
source of meat only. Source D of fresh meat had a sig-
nificantly greater hypocholesterolemic index than the
other sources, except for sources A and B of frozen
meat. Also, source A of frozen meat had a significantly
higher hypocholesterolemic index than sources E and F
of fresh meat. In addition, sources B and C of frozen
meat had significantly higher hypocholesterolemic indi-
ces than did source E of fresh meat.
Source A of frozen meat and source D of fresh meat
had significantly lower atherogenic indices than the
other sources, except for source B of frozen meat.
Fatty acid profiles of meat
Tables 3 and 4 show the effects of the meat types and
meat sources on individual and total fatty acid profiles.
There was a significant effect of meat type on individual
SFA (Table 2) and total SFA (Table 3). Fresh meat
showed significantly greater C8:0, C11:0, C12:0, and
C16:0, and thus total SFA, than did frozen meat. There
was also a significant effect of meat source on individual
SFA (Table 2) and total SFA (Table 3). Source E of fresh
meat had significantly greater C8:0, C11:0, C12:0 and
C16:0 than did the other sources of frozen and fresh
meat. A similar trend was observed for C21:0, except
that the differences between sources E and F of fresh
meat was insignificant. This latter group had significant
greater C21:0 than its counterpart group from source D.
The total SFA of fresh meat from source E was signifi-
cantly greater than from that of the other sources, ex-
cept for source F of fresh meat. The latter group, and
source C of frozen meat, had greater total SFA than did
source A of frozen meat and source D of fresh meat.
There was no significant difference in most of MUFA
except for C18:1 and C22:1. The C18:1 fatty acid of fro-
zen meat was significantly greater (20.5%) than that of
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fresh meat, but the C22:1 fatty acid was lower (41.5%).
Total MUFA was significantly greater (11.7%) in frozen
meat than in fresh meat. The differences among the dif-
ferent sources of meat were significant in their C18:1,
20:1 and 22:1 fatty acids. Source A of frozen meat had
significantly greater C18:1 fatty acids than did the other
sources, except for source B of frozen meat. Source B
also showed a similar trend, except that it did not sig-
nificantly differ from source C of frozen meat and source
D of fresh meat. In addition, source D of fresh meat had
significantly greater C20:1 than did the other sources of
both types of meat except for source A of frozen meat.
The latter group also exhibited C18:1 that was greater
than different sources except for source B of frozen
meat. Moreover, sources E and F of frozen meat showed
significantly greater C22:1 than did the other groups of
either frozen or fresh meat. The total MUFA of source
A of frozen meat was significantly greater than that of
other sources. Furthermore, source B of frozen meat and
sources D and F of fresh meat exhibited greater total
MUFA than did source E of fresh meat.
The only significant difference due to the source of
meat was shown in C20:5 PUFA (Table 2), which indi-
cates greater values from source D of fresh meat than
from other sources. In addition, source C of frozen meat
displayed a significantly greater value than did source B
of frozen meat and sources E and F of fresh meat. The
total PUFA of fresh meat source D was significantly
greater than that of other sources (Table 3).
Obviously, the PUFA/UFA ratio was significantly
greater (7.3%) in fresh meat than in frozen meat, but
PUFA/MUFA (13.1%), omega-7 (10.3%) and omega-9
(8.8%) fatty acids were lower (Table 3). The UFA and
UFA/SFA ratio were significantly greater from D source
of fresh meat than from the other sources, except for
source A of frozen meat. The latter group also showed
higher values than did the other groups, except for
source B of frozen meat.
Omega-6 was also significantly greater in source D of
fresh meat than in the other sources. Omega-7 in frozen
meat was significantly greater from source A of frozen
meat than from other sources. In addition, sources B of
frozen meat and D and F of fresh meat had significantly
greater omega-7 than did source E of fresh meat.
Correlation analyses
Correlation analyses are displayed in (Table 4). There
were significant negative relationships between SFA and
UFA, MUFA, PUFA, omega-6, omega-9, omega-7 and
the hypocholesterolemic index, but significant positive
relationships with the atherogenic index, the thrombo-
genic index and total antioxidant capacity.
Correlations between UFA and MUFA, PUFA, omega-3,
omega-7 were significantly positive with a moderate mag-
nitude, while the correlation between UFA and the hypo-
cholesterolemic index was significantly positive with a
strong magnitude. In addition, the correlation between
UFA and omega-9 was significant with a moderate
Table 1 Effect of meat type and different source of frozen and fresh meat in the retail market on cholesterol profiles, and


























Frozen meat 73.1 37.7 40.6 0.931 1.91 0.726 0.679 1.50 1.95
Fresh meat 72.4 36.9 39.6 0.933 1.77 0.782 0.697 1.51 1.84
Source of meat
Frozen A 73.2 37.4 40.8 0.916 2.01ab 0.650c 0.656 1.54 1.92
Frozen B 72.4 38.3 39.7 0.966 1.89abc 0.722bc 0.671 1.45 1.96
Frozen C 73.7 37.4 41.3 0.908 1.83bc 0.807ab 0.709 1.52 1.95
Fresh D 70.5 36.7 39.2 0.938 2.11a 0.658c 0.664 1.32 1.69
Fresh E 73.7 36.8 40.1 0.920 1.55d 0.891a 0.722 1.66 1.98
Fresh F 73.1 37.2 39.4 0.942 1.66cd 0.795ab 0.704 1.54 1.86
Statistical analyses
RSME 2.56 1.905 1.725 0.067 0.186 0.037 0.134 0.204 0.218
Meat type 0.466 0.258 0.126 0.915 0.054 0.185 0.007 0.958 0.207
Source of meat 0.302 0.922 0.594 0.666 0.0006 0.036 0.201 0.134 0.383
a-dDifferences among means within a column within each factor not sharing similar superscripts are significantly at (P <0.05); P value probability level, RMSE root
mean square error, TAC total antioxidant capacity, MDA melondialdehyde
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magnitude. On the other hand, the correlations between
UFA, cholesterol and MDA were significantly negative with
a low magnitude; the correlation between UFA and total
antioxidant capacity (TAC) was negative to a moderate
power, and the correlation between UFA and the athero-
genic and thrombogenic indices was significantly negative
with a high magnitude.
The relationship between MUFA and omega-7 and
omega-9 was significantly positive with a perfect magni-
tude, while the correlation between MUFA and the athero-
genic, thrombotic and hypocholesterolemic indices was
significantly positive with a moderate power.
The correlation between PUFA and omega-6 was signifi-
cantly positive to a perfect power, while the relationship
between PUFA, omega-3 and the hypocholesterolemic
index was significantly positive to a moderate magni-
tude. In addition, the correlation between PUFA and
total cholesterol, the atherogenic index, TAC and MDA
was significantly negative to a moderate magnitude.
The relationship between omega-3 and omega-6 and
the thrombotic and hypocholesterolemic indices was sig-
nificantly positive to a moderate power, but negative to a
moderate power with TAC.
The correlation between omega-6 and total choles-
terol, the atherogenic index, TAC and MDA was nega-
tive to a moderate power, but was positive to a moderate
magnitude with the hypocholesterolemic index.
The correlation between omega-9 with omega-7 and
the hypocholesterolemic index was significantly positive
to perfect and low powers, respectively, but the relation-
ship with the atherogenic index and the thrombotic
index was negative with a moderate magnitude.
The relationship between omega-7 and the hypocholes-
terolemic index was significantly positive with moderate
Table 4 Correlation among indices lipids profiles, antioxidant status, atherogenic and thrombotic index of chickens’ meat in the
retail market

















































































































































































































































































SFA saturated fatty acids, UFA unsaturated fatty acids, PUFA poly unsaturated fatty acids, MUFA monounsaturated fatty acids, Omg3 omega 3 fatty acid, Omg6
omega 6 fatty acid, Omg7 omega 7 fatty acid, Omg9 omega 9 fatty acid, LDL low density lipoprotein, HDL high density lipoprotein, AthI atherogenic index, ThrI
thrombotic index, HypochI hypocholesterolemic index
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power, while the correlation with the atherogenic index
and the thrombogenic index was negative to a moderate
magnitude.
There was a significant positive correlation between
total cholesterol and LDL- and HDL- cholesterol with a
moderate magnitude, while the relationship between
total cholesterol and TAC and MDA was positive to a
high magnitude. In addition, the correlation between
total cholesterol with the atherogenic and thrombogenic
indices was significantly negative with perfect and mod-
erate magnitudes, respectively.
LDL cholesterol correlated positively with MDA, but
the power of the correlation was moderate, while HDL
cholesterol showed a positive significant correlation with
a moderate magnitude with TAC and MAD. The athero-
genic index exhibited a significant positive moderate re-
lationship with the thrombotic index and with TAC, but
the relationship was significantly negative with a high
power with the hypocholesterolemic index. The thrombotic
index showed a significant negative moderate relationship
with the hypocholesterolemic index. The relationship
between TAC and MDA was significantly positive with a
strong power.
Discussion
In the literature, the relationship between type of food
consumed and particularly dietary fats, antioxidants and
health status are well documented [4, 25–28]. Epidemio-
logical studies conducted worldwide, supported the asso-
ciation between poultry meat consumption, within a
balanced diet, and a reduction in the risk of developing
cardiovascular diseases and their risk factors [29] Other
study reveals that, the substitution of red meat with
poultry could therefore constitute an effective strategy to
reduce coronary risk by 19% [30]. It was observed that
differences in the hypocholesterolemic index of meat
from broilers from the retail market were found to be
affected by the type of meat (frozen vs. fresh). Source D
of fresh meat showed the greatest hypocholesterolemic
index and the lowest total SFA and MDA, but the highest
UFA, UFA/SFA, PUFA and omega-6, which are favourable
effects. In the literature, as shown herein, high cholesterol
correlates with high SFA content (r = -0.907; P = 0.001)
[4, 15, 31, 32]. Further evidence supported our hypothesis
that broiler meat quality in the retail market has different
nutritional values, and hence we can assume different
human health impacts. This can be seen in differences in
the atherogenic index and in the omega-6 fatty acids.
Hence the favourable hypocholesterolemic, atherogenic
and thrombogenic indices, and the favourable TAC and
MDA, were from the fresh meat, indicating that freezing
the meat had a negative impact on its quality. These dif-
ferences can primarily be attributed to diet composition,
i.e. to the consumption of the feeds offered to the animals
[13, 19, 33]. This indicates that consumers can benefit
their health by being selective with broiler meat, not only
for improving their PUFA fatty acid intake, but also for
reducing their hypocholesterolemic, atherogenic and
thromboitic indices. The freezing technique can affect the
carcasses and the meat quality, as the freezing process can
affect the water fraction of the meat [34]. With the freez-
ing of water, the concentration of the remaining solutes
(proteins, carbohydrates, lipids, vitamins and minerals)
increases, thereby upsetting the homeostasis of the com-
plex meat system [35]. The changes in the immediate en-
vironment of the muscle fibres affect the cell membrane
characteristics. That, in turn, affects the quality of the
meat [35]. Consumers’ preference for leaner carcasses has
also increased in recent years [36].
The quality of poultry meat is affected by many fac-
tors, such as dietary nutrient intake. The most biological
aspects are genotype, sex and age [2, 27, 33, 37]. An-
other factor that can influence poultry meat quality and
compositional changes in the meat is the rearing system
for broilers [2, 38–40]. Hence, increasing intakes of SFA,
cholesterol, and the atherogenic and thrombogenic indices
have negative health implications [2, 4, 33]. These sub-
stances have been connected with higher cardiovascular
threats and with thrombosis associated with increasing
levels of blood cholesterol [28, 29, 33, 41, 42]. In this re-
gard, the hypocholesterolemic index was found to be sig-
nificantly correlated with the thrombogenic index and
with TAC. This indicates a need for standardization of nu-
trition in terms of the fatty acid contents of diets and in
husbandry practices to minimise variation and improve
quality of chickens’ meat.
The lack of significant differences between TAC and
MDA (the biomarker for lipid peroxidation) among the
different meat types and sources indicates that the intake
of antioxidants such as vitamin E, vitamin C, carotenoids
and Se was adequate for postharvest preservation. Anti-
oxidants are usually supplemented at sufficient amounts,
considering the recent trend in animal nutrition for im-
proving the shelf life of animal products [2, 25, 26], of
animal fatty acid profiles and of immunity [2, 33, 43].
Meat fatty acids profiles, SFA, UFA, MUFA, PUFA,
omega-3, omega-6, omega-7 and omega-9, and the ratios
among them, showed a significant effect of the type or
source of meat that can be attributed to dietary compos-
ition and feed consumption. In general, source D of
fresh meat showed the best profile, showing the lowest
SFA, with the highest UFA, UFA/SFA, PUFA, omega-3
and omega-6 PUFA while the worst profile was from
source E of fresh meat.
The D source of fresh meat was the richest source of
linoleic and of eicosapentaenoic acid (EPA). EPA has been
reported as a fatty acid that is beneficial for reductions
in total mortality, cardiovascular mortality, morbidity,
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atherosclerosis [44], for obstructing the propagation of
breast and prostate cancer cell lines in vitro, and for re-
ducing the risk and development of these tumours in
animal experiments [45]. It should be mentioned that
the conversion of α-linolenic acid by the body to the
more active longer-chain metabolites is inefficient,
being 5–10% for EPA and 2–5% for DHA [46]. A com-
mon feature of most of the proposed mechanisms by
which fatty acids might lower cancer risk is the inhibition
of eicosanoid production from (n-6) fatty acid precursors
[47], which include linoleic acid, found primarily in vege-
table oils, and arachidonic acid, found primly in animal
products.
Source A of frozen meat showed a fatty acid profile
similar to that of source D of fresh meat, with different
patterns for only the oleic and linoleic fatty acids. This
indicates that the dietary fatty acid composition and
their consumption by the chickens were different. Differ-
ences in fatty acid contents in animal products have
been found to be affected by lipid metabolism and fats/
fatty acids composition [12, 14, 18, 19, 48]. This agrees
with the present results. However, there are also several
other factors of a secondary order that can affect the lipid
and cholesterol contents of meat, such as feed additive
supplementation [13, 25, 27, 43], the age, sex and strain of
the broilers [49], flock husbandry, the season, the length
of the rearing period [50–52], and the cooking and storage
conditions [21, 53].
Correlation analyses can draw the type and strength of
the relationships among the different variables under
investigation. SFA showed a significant strong negative
relationship with the hypocholesterolemic index, but a
moderate positive relationship with TAC, as SFA is less
susceptible to lipid peroxidation. The correlation between
UFA and the hypocholesterolemic index was significantly
positive, while the relationship with the atherogenic and
thrombotic indices was strongly negative. This can be at-
tributed particularly to PUFA. PUFA exhibited a signifi-
cantly positive relationship of a moderate magnitude with
the hypocholesterolemic index and a significantly negative
relationship of a moderate magnitude with total choles-
terol, the atherogenic index, TAC and MDA. Thus meat
enhanced with PUFA can have a beneficial health benefit
for humans, as recently recommended and as shown by
increasing consumer preferences [12, 18, 19].
The relationship between omega-3 and the thrombotic
index and the hypocholesterolemic index was signifi-
cantly positive with a moderate degree of power. In
addition, omega-6 and total cholesterol, the atherogenic
index, TAC and MDA showed negative correlations with
moderate power, but positive relationships of a mod-
erate magnitude with the hypocholesterolemic index.
Thus omega-6 and omega-3 and their ratio (omega-6/
omega-3) are the principle fatty acids controlling the
hypocholesterolemic index, and thus should be given the
highest priority in broiler feeding programs due to their
positive health implications for human [12, 19, 47].
Omega-3 plays a major role in regulating the thrombotic
index, while omega-6 is dominant in the atherogenic
index, TAC and MDA [4]. The negative impact of omega-
6 on TAC and MDA can be attributed to their high sus-
ceptibility to lipid peroxidation and thus low antioxidant
status in animal products. Hence antioxidant supplemen-
tation is essential for diets containing increasing amounts
of PUFA in animal products [13, 43]. A healthy animal
product can be characterized by low hypercholesterol-
emic, atherogenic and thrombogenic indices [4, 33, 42].
Myristic and palmitic acids are among the most
atherogenic agents, whereas stearic is thought to be neu-
tral with respect to atherogenicity but is instead consid-
ered to be thrombogenic [33, 42]. Poultry meat with
high UFA content is preferable for customers due to its
low cholesterol (hypocholesterolemic index), LDL/HDL
and lower atherogenic index [29, 30, 53]. In literature,
feeding an atherogenic diet exhibited marked elevation
in total serum cholesterol (hypercholesterolemic), LDL,
VLDL, and triglyceride levels, along with decreased HDL
levels [54]. Hence low atherogenic, thrombogenic and
hypercholesterolemic foods are good for retarding ath-
erosclerosis and thus the risk of cardiovascular disorders
in human [4, 27, 28, 42]. Furthermore, animal products
with low thrombogenicity decrease the threat of atrial
fibrillation [55]. It should be mentioned that consump-
tion of 300 g of broiler meat resulted in 216 mg of chol-
esterol, which represented (72%) of the recommended
300 mg daily allowance of cholesterol for adults [56].
Conclusions
Fatty acids profiles and the hypocholesterolemic and
atherogenic indices of broiler meat in the retail market
in Jeddah city, Saudi Arabia during April, May and June
2014 showed significant differences, with the potential
for favourable fatty acids to be boosted. Such variability
indicates the needs for a feeding strategy to enhance the
favourable fatty acids that may positively impact the health
of the consumer, lowering the risk of hypercholesterolemia,




Ninety whole carcasses of chickens were randomly col-
lected during April-May-June 2014 from 6 sources, named
A, B, C, D, E and F, chosen randomly from a retail store.
The samples represented two types of chicken carcasses,
imported frozen carcasses (A, B and C) from Brazil and
France, and locally produced fresh carcasses (D, E, and F),
in the Hyper Panda retail market, in Jeddah, Saudi Arabia.
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Meat samples were 5-pooled samples/source/time, which
were replicated 3 times, resulting in a total of 15 samples/
source of each meat type. The carcasses were chosen from
grade A of each source and were of similar carcass weight
(1 kg). The chicken carcasses had similar dates of pro-
duction and expiration when collected from the retail
markets. The carcasses were cut into two halves. The
right side of the carcasses was skinned and deboned,
and the meat was minced using a meat mincer (Mouli-
nex-HV8, France). The meat samples were pooled over
time to represents 5 samples/source/type, and were im-
mediately frozen at -20οC until further analysed.
The chickens were reared under commercial operating
conditions and were managed using common husbandry
practice for broiler chickens, but the details of rearing
and husbandry practices and the feeding regimens were
not provided by the producing companies. The chickens
were slaughtered in an automatic slaughterhouse accord-
ing to the Islamic method.
Measurements
Cholesterol profiles, total antioxidants capacity and
malondialdehyde
Lipids were extracted according to [57] to determine meat
cholesterol [58], high-density lipoprotein (HDL) [59] and
low-density lipoprotein (LDL) [60]. Total antioxidant cap-
acity (mmoles\ 100g fresh weight) and lipid peroxidation
biomarkers, such as malonyldialdehyde (mmoles\g fresh
weight), were determined according to [61, 62], respect-
ively. The determinations were done using commercial
kits (Diamond Diagnostics, 33 Fiske St, Holliston MA
01746, USA).
Fatty acids profiles of the meat lipids
A part of the lipids extracted from the meat was used for
the determination of fatty acid profiles of the meat by Shi-
madzu Gas Chromatograph GC-4CM (PFE) connected to
a glass column (3X 3mm i.d.) packed with 5% diethylene
glycol succinate (DEGS) and detector of flame ionization
(FID). The separation and identification was as follows:
Column temperature 1800C; temperature for both in-
jector and detector were 2700C; nitrogen, hydrogen and
air were used as a carrier gas at flow rates (ml/min.) of 30,
1 and 0.5, respectively, according to [63]. A standard of
fatty acid methyl esters was treated under the same condi-
tions before analysis of the samples. The fatty acids of the
sample were identified by comparison of their retention
times (tR) with the standard. The sample size was 5-
pooled samples over 3 times per each meat source of each
type of meat. Atherogenic and thrombogenic indexes were
calculated according to [64]. The hypocholesterolemic
index was calculated according to [65].
Statistical analyses
Data were statistically analysed according to [66] using
the PROC NESTED procedures according the following
model:
Yijk ¼ μ þ Ci þ Bij þ eijk
Yijk = observed value of the dependent variable; μ:
overall mean; Ci: effect of meat type (frozen vs. fresh);
Bij: effect of type within source; eijklm: experimental
error of random distribution (0,σ2).
Before running the statistical analyses, all percentages
were transformed to arc sins to normalize data distribu-
tion. Significance of differences was tested at (P < 0.05)
for all means according to [67].
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